Summary: The interference of hemoglobin in the determination of total bilirubin with the Du Pont ACA was studied. The method seemed of limited value in our opinion especially with respect to neonatal sera. By changing the wavelength setting a rather broad plateau was found when the hemoglobin concentration was plotted against the actual bilirubin concentration. On the basis of these findings a new calibration graph was constructed and programmed into the ACA. The new method correlates well with two other micro bilirubin techniques. 
Introduction
The determination of bilirubin is very important in pediatrics. This statement is especially true for newborns (1) . Bilirubin can be determined in different ways. Having a Du Pont Automatic Clinical Analyzer 1 ) (ACA) in use in our laboratory, we found it worthwhile to study whether this instrument could meet the requirements for the determination of bilirubin in neonatal serum i.e. a) sufficiently low sample volume b) ease and speed of the analysis and c) reliability of the result. It is known from the Du Pont literature that the ACA procedure for total bilirubin is subject to interference by hemoglobin. In general, the interference of hemoglobin with the determination of bilirubin is well known in clinical chemistry. Especially in the Scandinavian literature, much attention has been paid to this problem (2, 3) . All bilirubin methods in use in the clinical chemistry laboratory are more or less subject to a disturbance by hemoglobin. The determination of bilirubin in the diagnosis and the treatment of hyperbilirubinemia in newborns puts a twofold burden on the laboratory. It is known that the sera of newborns contain a higher concentration of hemoglobin than normally seen in adults (heel puncture!).
Michaelsson & Sjölin (3) reported a study in which 86% of sera had a hemoglobin content of more than 60 / (Fe). Furthermore the therapeutic measures may be more drastic than necessary as a consequence of such results. Therefore it seemed worthwhile to start the study with the measurement of the interference of hemoglobin in the bilirubin method (TBIL = total bilirubin) of the Du Pont ACA.
Materials and Methods

Bilirubin
Standard bilirubin preparations were prepared according to the Recommendations of the well known Joint Committee (4), Hemoglobin and derivatives Serum samples were artificially enriched with hemoglobin by the addition of small volumes of red cell hemolysate, as well as a hemoglobin solution prepared according to Van Assendelft (5) . No difference between these preparations was detected. The hemoglobin derivatives were prepared according to Van Assendelft.
Automatic Clinical Analyzer (ACA) The Du Pont ACA is an analyzing system in which all "chemical" operations are automated except the introduction of the sample. A sample cup is filled with serum and brought into the system together with the reagents. The reagents for each test are packaged in a special pack which serves both as the reaction chamber and test cuvette for photometric analysis. The total reaction time is 7 minutes.
Results
We used bilirubin standards (see Materials and Methods) to which hemoglobin (see Materials and Methods) was added. The results are given in table 1. The consequences of the results shown in table 1 are, in our opinion, rather embarassing. There is no doubt that the method is of limited value in pediatric chemistry, and it is of doubtful value for hemolyzed adult sera. The results shown in table 1 suggest a combined interference: a spectrometric interference and an interaction in the diazo reaction. This suggestion is based on the rise of the blank result (see column : blank) with increasing hemoglobin concentrations and the non-linear fall of the standard sera. We found it worthwhile and simple to deal with the spectrometric part of the disturbance by changing the hemoglobin molecule and choosing a different filter combination. We tried deoxygenated hemoglobin and hemiglobin. However, the results were comparable to those mentioned in table 1. As can be seen in figure 1 the combination 510-600 nm seems better than the combination 540-600 nm. Indeed we found a higher response, but, of course, the hemoglobin still interfered. However, in looking at the influence of various hemoglobin concentrations we found a surprising effect. As can be seen in figure 2 a rather broad plateau is reached with higher hemoglobin concentrations.
So, by introducing hemoglobin in some way in the "TBIL pack" it should be possible to construct a derived calibration graph. This can easily be done by adding hemoglobin to the sixth diluent can on the ACA, because this can is not in use.
To know how much hemoglobin would be needed it was necessary to know the concentration in the samples taken from babies. In a careful study Michaehson has already given the data obtained with various puncturing techniques (3). In our laboratory we used the Crosby & Furth hemoglobin determination on 129 -samples. The average value was 106 μπιοΐ/ΐ (Fe) with a lowest value of 5 /miol/1 (Fe) and a highest of 449 μτηοΐ/ΐ (Fe), i.e. comparable to the results of Michaehson et al. On the basis of these data we decided to add a quantity of hemoglobin to the can that corresponded to a serum level of about 150 μπκ>1/1 (Fe). This meant the addition of 1 ml hemoglobin solution (5), concentration 5 mmol Hb (Fe) per liter, to 3 1 determineralized water. This addition is based on a sample volume of 60 μΐ. To check if the foregoing results were practical we measured several standards to construct a calibration graph. The standard sera also contained 100 Mmol hemoglobin/1 (Fe). The calibration graph was found to be linear up to 340 μπιοΐ/ί. We changed the decoding system and letter wheel in the printer (now "BBIL" was printed in stead of "TBIL") in order to avoid mistakes. This can be done easily by wiping off the first black bar on the "TBIL pack" header and by relating the photometer control board in the computer system. So, with the same chemistry the method looked like a new method for the instrument.
The changes we performed were checked by studying the hemoglobin interference with the new measuring globin concentration > 150 μπιοΐ/ΐ) are plotted and in figure 6 in which the influence is measured.
Our second correlation was a comparison with the method of Hertz et al which is also very suitable for the determination of bilirubin in neonatal sera (7) . The influence of hemoglobin in this method is less than measured with the Ictometer, as can be seen in Figure 6 . The results of this comparison is shown in figure 7 . The equation of the regression line was y= 1.09X+ 14 n =160
with a correlation coefficient of 0.90. Here we found an average value of 138 jumol/1 for x (= Hertz) and 164 μτηοΐ/ΐ for y (= ACA).
Finally we performed precision studies. The "withinrun" and "day-to-day" estimates of precision of two standard samples (see Materials and Methods) are shown in table 2. 
Discussion
In the Introduction we mentioned three requirements which must be satisfied in a determination of bilirubin in neonatal serum. The ACA can easily satisfy requirements a and b. Requirement c concerns the criteria for the reliability of a result. In fact, this devolves on the clinical usefulness of the method.
With respect to the determination of bilirubin in the serum of riewborns, one can roughly separate the results into two parts i.e. those lying under 300 jumol/l and those higher than 300 μιηοΐ/ΐ. The results higher than 300 μπιοΐ/ΐ can be near or at the decision level in the case of an exchange transfusion of erythroblastotic newborns. Therefore a physician can ask for maximal precision at this level, while the results lower than 300 μπιοΐ/ΐ eari be permitted a lower precision. In his article on the medical significance of laboratory results Barnett mentions a coefficient of variation at the decision level of 7.5% (8) . This figure is in agreement with the management of the pediatric department of our hospital. Thus, from table 2, the conclusion can be drawn that, with the changes, described in this article, the ACA can be used for the determination of total bilirubin in neonatal sera. In addition, the correlation with other methods is acceptable. There is, in our opinion, no point in performing extensive statistical calculations to prove the pragmatic conclusion just mentioned, because in all methods used a systematic error, though sometimes low, still exists. However, the problem of accuracy still exists. Serum samples with a very low or with a very high hemoglobin content give values that are too high, as can be seen from figure 3 . It is very difficult to evaluate these "outliers". In our study the number of samples with a hemoglobin content between 20 and 400 μπιοΐ/ΐ (Fe) was 95 per cent. Because of the problem of accuracy we have decided to continue the study. In the meantime, it seemed worthwhile to report the solution of the interference problem, because it works satisfactorily according to the opinion of the physicians involved in our hospital. We have already estimated more than a thousand samples in this way.
